Background/Objective-Adiponectin exerts beneficial effects by reducing inflammation, and improving lipid metabolism and insulin-sensitivity. Although adiponectin is lower in obese individuals, whether weight gain reduces adiponectin expression in humans is controversial. We sought to investigate the role of weight gain, and consequent changes in leptin, on altering adiponectin expression in humans.
Introduction
Adiponectin is an adipokine with profound anti-atherogenic, anti-inflammatory, and insulinsensitizing properties. 1 -3 Paradoxically, it is the only adipokine which is decreased in obesity. 4 -6 This negative association between obesity and adiponectin raises the possibility that weight gain decreases adiponectin expression. However, the effect of weight gain on adiponectin expression in healthy humans is controversial and the molecular mechanisms underlying decreased adiponectin expression in human obesity remain largely unknown.
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On the other hand, cross-sectional population based studies have shown the presence of higher adiponectin levels in the metabolically healthy obese population, which provides support for the potential role of adiponectin in disassociating obesity per se from cardiometabolic dysfunction. 12 Indeed, increasing adiponectin expression is being targeted as a mechanism to improve insulin sensitivity and decrease cardiovascular risk in the obese population. 13 Several lines of evidence suggest that leptin, an adipokine increased in obesity, may regulate adiponectin expression. Absence of leptin, as seen in leptin deficient ob/ob and leptin receptor deficient db/db mice, is characterized by low adiponectin expression. 4 , 14 Additionally, supplementation of leptin in ob/ob mice results in increased adiponectin expression. 15 Importantly, increases in adiponectin expression upon leptin administration were observed before weight loss. 16 Furthermore, adipocyte-selective reduction of leptin receptor expression diminishes adiponectin expression, suggesting that leptin may be directly signaling adipocytes to induce adiponectin expression. 17 Similarly, in leptin deficient conditions in humans, such as lipodystrophy, decreased expression of both leptin and adiponectin is seen, 18 and leptin treatment in leptin-deficient adults increases adiponectin expression. 19 However, the role of leptin in regulation of adiponectin in humans is unclear, since cross-sectional population studies show a negative correlation between leptin and adiponectin. 20 , 21 Therefore, we designed a study to first, examine the effect of weight gain on adiponectin expression in normal weight healthy subjects, and second, to investigate the role of leptin in regulation of adiponectin. We measured adiponectin expression in normal weight healthy humans, at baseline and after overfeeding-induced weight gain versus weight maintenance (controls). We also explored the role of leptin in regulating adiponectin expression in-vitro, and extended our studies to include crosssectional ex-vivo studies in normal weight versus obese subjects, so as to determine novel molecular mechanisms which may play a role in decreasing adiponectin expression in established obesity. We hypothesized that leptin up-regulates adiponectin expression, and that the decreased adiponectin expression in established obesity is secondary to an impairment of leptin signaling.
Materials and methods

Longitudinal weight gain study
We used a longitudinal overfeeding study in humans to determine the effects of weight gain on adiponectin expression. 22 , 23 Forty four healthy adults (30 men and 14 women) aged 29 ± 6 years who were sedentary, and free of any chronic diseases such as diabetes, hypertension and dyslipidemia, were recruited to participate in the overfeeding protocol. Tobacco users and shift workers were excluded. The study was conducted at the Mayo Clinic Center for Translational Science Activities (CTSA) Clinical research Unit (CRU) and the protocol was approved by the Institutional Review Board. Informed written consent was obtained from all participants. Findings from this study relating to endothelial dysfunction, heart rate-variability, and adipose tissue changes have been published elsewhere. 22 , 24 -26 All the subjects in whom leptin and adiponectin data was available at both baseline and after weight gain were included to test the hypothesis.
The details of the longitudinal weight gain model have been described previously. 22 , 23 Briefly, after a three day period during which calories required to maintain weight were estimated, subjects were randomized 4:1 to either gain weight or maintain weight. Weight gain was induced by increasing calorie consumption using 1-3 supplements/day (400-1200 extra kcal) in addition to their usual caloric intake and did not differ in macronutrient composition (40% carbohydrates, 40% fat, and 20% protein). The goal of the controlled weight gain intervention was to gain 5% body weight over 8-weeks. The weight maintainer group was advised to maintain their body weight for 8-weeks. For both groups, subjects were weighed > 5 days/week which allowed the dietitians to monitor and adjust the calorie intake on a regular and frequent basis. We measured body weight, total body composition (data were obtained in duplicate with DXA; DPX-IQ; Lunar Radiation), fasting lipid profile (standard turbidimetry method, Hitachi 912 chemistry analyzer), insulin (2 siteimmunoenzymatic assay; Beckman Instruments Inc.), glucose (hexokinase reagent; Hitachi 912 chemistry analyzer), leptin (radioimmunoassay; Linco research) and adiponectin (ELISA; Mediagnost GmbH) at baseline (TP1) and after 8-weeks follow-up (TP2). For body composition, the average values from the two scans were used to assess total body fat mass, and total body fat free mass (not including the bone mass).
In-vitro studies
Commercially available human white preadipocytes (HWP's; PromoCell, Heidelberg, Germany) were used for the in-vitro experiments after differentiation for 12 days as per manufacturer's instructions. The cells were kept overnight in serum free minimal media, and treated with increasing concentrations of leptin (10 ng/ml −150 ng/ml; Sigma, St. Louis, MO, USA) for 6 hours and 24 hours respectively. The effect of leptin on adiponectin mRNA and protein was determined semi-quantitatively by RT-PCR using commercially available TaqMan probes (Applied Biosystems, Foster City, CA) and Western blot analysis (antiadiponectin antibody AB22554, anti-GAPDH antibody, AB9485 AbCam, Cambridge, MA).
The effect of leptin treatment on adiponectin secretion was determined in conditioned media from 24 h leptin-treated cells using total and high molecular weight adiponectin ELISA kits as per manufacturer's instruction (RnD systems, Minneapolis, MN). Similarly, differentiated HWPs were treated with increasing concentrations of leptin antagonist (0.5 -2 µg.ml; SHLA; Protein Laboratories Rehovot Ltd, Rehovot, Israel) to determine the effect of endogenous leptin expression on basal adiponectin mRNA and protein expression. The leptin antagonist (SHLA) is an inactive leptin-mutant (L39A/D40A/F41A) with high affinity to the leptin-receptor and acts via competitively binding to the leptin receptor. Further, the ability of LA to antagonize central leptin-dependent changes in appetite, weight, and hypertension has been previously demonstrated. 27 -29 To determine the cell signaling pathway through which leptin modulates adiponectin mRNA, we treated differentiated HWP with ERK inhibitor (PD98059, 30µM, Sigma, St. Louis, MO), AMPK inhibitor (Insolution AMPK inhibitor Compund C, 20µM, EMD Chemicals Inc, Gibbstown, USA), AKT inhibitor IV (1µM, EMD Chemicals Inc), and STAT3 inhibitor VII (3µM, EMD Chemicals Inc) for 30 minutes prior to and during 6 hours of leptin (100ng/ml) treatment. The effect of pathway inhibition on adiponectin mRNA was determined by RT-PCR analysis. We also examined the ability of leptin-antagonist (1.5 µg/ml) to prevent leptin-dependent (100ng/ml) activation of ERK and STAT3 pathways in differentiated HWP.
To determine the effect of caveolin-1 overexpression on leptin-dependent increases in adiponectin mRNA, differentiated HWPs were infected with adenovirus encoding caveolin-1 gene or control null adenovirus at an MOI of 100 (Vector BioLabs, Philadelphia, PA). These cells were than treated with leptin (10 ng/ml; 100 ng/ml) for 6 hours prior to determination of adiponectin mRNA transcripts by RT-PCR.
Ex-vivo adipose tissue studies
To understand the dynamics of direct leptin action in established obesity, we examined the ability of leptin to activate cellular signaling pathways and increase adiponectin mRNA expression in human adipose tissue from a cross-sectional population comprising of normal weight, and obese individuals. Seventeen adults (8 men and 9 women) aged 20-67 years were recruited to participate in these studies. The protocol was approved by the Mayo Clinic Institutional Review Board and written informed consent was obtained from all participants. Subcutaneous abdominal adipose tissue biopsies were collected either from subjects undergoing elective abdominal surgery, or from subjects participating in our ongoing research studies at the CRU.
Fresh adipose tissue was collected in basal adipocyte nutrition media, cut into approx. 0.5 cm 3 pieces, and incubated for 30 min at 37°C for conditioning. The tissue was then aliquoted and incubated with either 0 ng/ml (control) or 100 ng/ml leptin for 15 minutes (leptin signaling), or 6 hours (adiponectin mRNA). Since adipose tissue is the main source of leptin, cells of adipose tissue would be exposed to higher leptin levels than those present in the circulation. Furthermore, these experiments sought to measure the maximal response to leptin which would be relevant to both lean as well obese individuals. Therefore, a concentration of 100 ng/ml leptin was used for these ex-vivo experiments. Additionally, the 15 min treatment to examine the leptin-dependent activation of cell signaling pathways and 6 hour treatment to examine the effects on mRNA transcripts were based on our previous experiments during which maximal responses would likely be observed. 22 The effect of leptin on activation of cellular signaling pathways was determined by Western blot analysis (anti-p/t STAT3, and anti-p/tERK1/2, 9134, 9139, 9101, and 9102, Cell Signaling, Danvers, MA). Further, a small aliquot of the adipose tissue sample was immediately flash frozen in liquid nitrogen and used to investigate the expression of proteins involved in leptin signaling by Western blot analysis (anti Ob-R, sc80255,Santa Cruz Biotech, Dallas, TX; anti-SOCS3, AB16030, AbCam, Cambridge, MA; anti-cav-1, 610407, BD Transduction lab, San Diego, CA).
Statistical analysis
Data were analyzed using JMP 9.0.1 software (SAS Institute Inc.) Continuous variables from study participants were recorded as means ± SDs. For the longitudinal weight gain study, each measurement during baseline and after weight gain was compared using paired Wilcoxon's signed-rank test. Changes in adiponectin and leptin during weight gain were compared using Pearson correlation. For the cross-sectional study, variables across the groups were compared using Wilcoxon rank sum test. It was tested whether variance in the groups that were being statistically compared was similar. All in-vitro experiments were performed at least four times. Data from the in-vitro and ex-vivo experiments are presented as mean±SEM. Statistical significance and pairwise analysis were determined using Wilcoxon rank sum test.
Results
Effects of modest weight gain in healthy normal weight participants
Increased calorie intake over a period of 8 weeks caused an average weight gain of 3.8 ± 1.2 kg. The increase in total body weight resulted mainly from increased body fat mass (3.6 ± 1.5 kg); fat free mass did not change (Table 1) . Among the variables measured, expected increases in insulin, and leptin were observed. Importantly, an increase in circulating adiponectin was observed with weight gain. On the other hand, the weight maintainer group did not show any changes in weight, total body fat mass, leptin or adiponectin during the 8 week follow-up. There was also inter-individual variability in response to weight gain in the variables measured, including adiponectin and leptin. The changes in adiponectin ranged from 8.9 to −5.5 µg/ml and 13 subjects actually showed reduced adiponectin even though they gained similar amounts of weight and fat mass as the subjects manifesting increased adiponectin with weight gain. Similarly, changes in leptin in the weight gain group ranged from 17.9 to −0.1 ng/ml. The individual changes in these measures are depicted in Figure  1A .
To examine the role of leptin in regulating adiponectin expression, a statistical approach was undertaken and the relationship between adiponectin and leptin was examined. A positive correlation between leptin and adiponectin was evident at baseline and after weight gain, and changes in adiponectin expression correlated positively with changes in leptin (r=0.3920, P=0.0085) ( Figure 1B) . Importantly, there was no correlation evident between changes in adiponectin with changes in any other measured variable (supplementary table 1 ).
Leptin up-regulates adiponectin expression
We examined the effect of leptin on adiponectin expression using differentiated HWPs in culture. Leptin increased adiponectin mRNA (P<0.0001) ( Figure 2A ) and protein (P=0.006) ( Figure 2B ) expression in a dose-dependent manner. However, leptin treatment did not change secretion of total and high-molecular weight adiponectin in the conditioned media ( Figure 2C ). Since differentiated HWPs also express leptin, we determined the effect of increasing concentrations of leptin antagonist on adiponectin expression as well. Treatment of differentiated HWPs with leptin antagonist decreased adiponectin mRNA (P=0.002) ( Figure 2D ), intracellular-protein (P=0.05) ( Figure 2E ), extracellular secreted total adiponectin (P=0.007) and high molecular weight adiponectin (P=0.02) ( Figure 2F ).
Furthermore, the leptin-dependent increase in adiponectin mRNA was attenuated in the presence of ERK1/2 and STAT3 inhibitor ( Figure 3A) . Further, treatment with leptin in the presence of leptin-antagonist prevented leptin-dependent increases in pERK1/2 ( Figure 3B ) while leptin-dependent activation of STAT3 was not altered by the presence of leptinantagonist ( Figure 3C ), suggesting only partial antagonism to leptin actions.
Leptin cellular signaling in adipose tissue of normal weight versus obese subjects
Leptin plays an important role in energy homeostasis; therefore the presence of increased leptin levels in obesity suggests impaired leptin signaling at the central level. Hence, we sought to determine if adipose tissue from obese participants was non-responsive to external leptin stimuli.
To test whether leptin signaling is impaired in adipose tissue from obese humans, we examined the effect of leptin on activation of cellular signaling pathways and adiponectin expression ex-vivo. The characteristics of the study population from which adipose tissue was obtained are presented in Supplemental table 2. As designed, the BMI differed significantly between the two groups. However, compared to the normal weight group, the obese group was also somewhat older (p=0.03). Compared to normal weight participants, leptin was unable to phosphorylate STAT3 ( Figure 4A ) and ERK ( Figure 4B ) pathways in adipose tissue from obese participants. Furthermore, adiponectin protein expression was significantly reduced in adipose tissue of obese subjects ( Figure 4C ) and leptin-dependent increases in adiponectin mRNA were also attenuated ( Figure 4D ). Leptin treatment increased adiponectin mRNA transcripts significantly only in adipose tissue obtained from normal weight study participants (P=0.027), but did not significantly change adiponectin mRNA in adipose tissue from obese participants (P=0.19).
To investigate the molecular mechanisms underlying leptin cellular signal impairment, we examined the expression of proteins that are known to play a critical role in leptin signaling ( Figure 5 ). The expression of leptin-receptor (Ob-R) ( Figure 5A ) and suppressor of cytokine signaling 3 (SOCS3) ( Figure 5B ) did not differ significantly in our study participants, even though the expression of SOCS3 tended to be higher in adipose tissue from obese subjects.
However, caveolin-1 protein expression was significantly elevated in adipose tissue from obese individuals ( Figure 5C ).
We further sought to determine if increased caveolin-1 expression as seen in adipose tissue from obese participants could impair leptin-dependent increases in adiponectin mRNA. We infected the differentiated HWPs with an adenovirus encoding caveolin-1 gene to increase caveolin-1 expression. Leptin treatment did not increase adiponectin mRNA transcription in those cells overexpressing caveolin-1 ( Figure 5D ).
Discussion
The important and novel findings of our study are first, that weight gain increases adiponectin expression in healthy humans; second, that leptin up-regulates adiponectin expression; and third, that the decreased adiponectin expression in established obesity may be secondary to impairment of leptin signaling in adipose tissue, perhaps related to increased caveolin-1 expression in these adipocytes.
Using a unique longitudinal weight gain model in healthy humans, we show that modest weight gain increases adiponectin expression. These findings are consistent with the recently published short-term overfeeding-induced weight gain studies. 7 , 8 , 11 However, previous studies examining the effect of substantial weight gain (approximately 10-15% increase in body weight) showed either no change or a decrease in adiponectin expression with weight gain. 9 , 10 Taken together, these studies suggest that decreases in adiponectin with weight gain may be related to a threshold effect. Modest weight gain is associated with increases in adiponectin, but more substantial weight gain, especially to the point of obesity, induces decreases in adiponectin. This threshold effect would therefore contribute to reduced adiponectin in the obese population. 4 -6 Furthermore, changes in the adipose tissue microenvironment, including increases in inflammation along with molecular and cellular changes during excessive weight gain and establishment of obesity, may together play a key role in decreasing adiponectin expression. 30 -33 Notably, similar studies examining the effect of modest weight gain in humans did not show any changes in adipose tissue inflammation.
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The longitudinal weight gain study was conducted in free-living conditions; as a result not all subjects gained weight or maintained weight as designed ( figure 1A) . Additionally, interindividual variability in response to weight gain in the variables measured, including adiponectin and leptin was observed. The broad range of changes in leptin and adiponectin in response to similar amounts of weight gain highlights the multifactorial nature of leptin and adiponectin regulation, including genetic and epigenetic differences. 36 In spite of this variability, we observed a positive correlation between changes in adiponectin and changes in leptin in our study population. This was intriguing, especially since clinical studies have demonstrated an inverse relation between the two adipokines. 20 , 21 However, these prior clinical studies were limited by the cross-sectional study design and may thus reflect an outcome of established obesity. Also, changes in adiponectin did not correlate with any other measures that were obtained in our study population including insulin.
We have confirmed leptin-dependent up-regulation of adiponectin expression using cultured differentiated HWPs. Complementary to these data, we also found that treatment of differentiated HWPs with a leptin-antagonist decreased adiponectin expression, suggesting that leptin may contribute importantly to tonic adiponectin production in basal physiologic conditions. However, in the in-vitro studies, leptin-dependent increases in intracellularadiponectin did not mirror increases in total and high molecular weight adiponectin secretion. The lack of increase in adiponectin secretion may be secondary to increases in caveolin-1 expression. 37 Interestingly, caveolin-1 knock-out mice have decreased total and high molecular weight adiponectin despite normal intracellular levels of adiponectin. 38 , 39 Nevertheless, the physiological relevance of leptin-dependent up-regulation of adiponectin in healthy humans is highlighted by positive associations observed between leptin and adiponectin at baseline and after 8 weeks follow-up, as well as the changes in each during modest weight gain in our study.
We also undertook studies to examine the specific cellular signaling pathways through which leptin mediates increases in adiponectin mRNA and establish that 1) SHLA attenuates leptin-mediated activation of these pathways; and 2) leptin-dependent activation of these pathways is impaired in adipose tissue from obese individuals. We observed that in the presence of inhibitors of ERK1/2 and STAT3 pathways, leptin did not increase adiponectin mRNA ( fig 3A) which suggested that activation of both these pathways may be important for leptin-dependent increases in adiponectin expression. Importantly, ERK-dependent or ERK-independent pathways may contribute to STAT3 mediated increase in adiponectin mRNA. 40 -42 Indeed, several studies have shown that leptin may activate STAT3 via both ERK-dependent and ERK-independent pathways. 43 -46 Furthermore, we also show that in the presence of SHLA, leptin-dependent activation of ERK1/2 was impaired (fig 3b) but SHLA did not alter leptin-dependent activation of the STAT3 (fig 3c) . This observation was surprising as previous animal studies have shown that LA prevents leptin-dependent activation of STAT3 in the hypothalamus. 27 , 28 Taken together, our results suggest that leptin may regulate adiponectin mRNA via ERK-dependent activation of STAT3. However, further detailed studies examining the signaling cascade through which leptin regulates adiponectin mRNA transcripts are warranted. Furthermore, we also demonstrate that leptin does not activate ERK and STAT3 pathways or increases adiponectin expression in adipose tissue from obese individuals.
Leptin plays a vital role in energy homeostasis by modulating food intake and energy expenditure. Therefore, increased leptin expression in obesity suggests impaired leptin signaling at the central level. However, in obesity, the role of hyperleptinemia versus impaired leptin signaling in peripheral tissues is not completely understood. 47 -49 We previously reported that increases in leptin induced by modest weight gain result in upregulation of adipose tissue caveolin-1 expression, which in-turn may impair leptindependent cellular signaling in adipose tissue. 22 This study suggested the presence of a "threshold effect" of leptin action, whereby leptin-dependent increases in caveolin-1 cause impairment of leptin signaling after a certain amount of body fat has been accumulated. Therefore, modest fat gain in normal-weight healthy individuals cause increases in leptin, and hence leptin-mediated increases in adiponectin. However further substantial increases in weight to the point of obesity are likely to trigger impairment of leptin-cellular actions and blunt concordant increases in adiponectin. Although our prior study 22 suggested that adipose tissue in an obese individual is likely leptin resistant, to our knowledge, whether adipose tissue remains leptin sensitive or becomes leptin resistant in obesity is unknown. In the present study, we demonstrate that leptin-dependent activation of cellular signaling pathways and adiponectin mRNA transcription is impaired in adipose tissue from obese individuals. Moreover, we explored the mechanisms that may underlie impaired adipose tissue leptin signaling in obese individuals. Of the several mechanisms that have been proposed to attenuate leptin cellular signaling, we observed a markedly increased caveolin-1 expression in our obese study population. We demonstrate that increased caveolin-1 expression in differentiated HWPs, to levels seen in adipose tissue from obese subjects, prevents leptindependent increases in adiponectin expression. These studies suggest that in obesity, the discordant decrease in adiponectin with increases in leptin may be a result of impaired leptin signaling in the adipose tissue of obese individuals. Thus, targeting therapeutics aimed at improving leptin sensitivity via modulation of caveolin-1 expression may be an important strategy to increase adiponectin in obesity.
Some studies including that of Labruna et al have shown that high leptin/adiponectin ratio may be useful as a marker to identify populations at-risk of developing metabolic disorders including insulin-resistance. 50 Therefore, we examined the changes in leptin/adiponectin (L/A) ratio with weight gain. We show that modest weight gain is associated with increases in L/A ratio (P<0.001) but the baseline L/A ratio did not correlate with changes in any variables measured including adiponectin and insulin. However, the relative changes in L/A ratio correlate with increases in insulin (P=0.0165, r=0.3638). In view of our findings that leptin regulates adiponectin expression, increases in leptin without concordant increases in adiponectin may suggest the presence of impaired leptin signaling. In other words, increases in leptin/adiponectin ratio may suggest decreased leptin sensitivity. Interestingly, several studies have suggested use of the leptin/adiponectin ratio as a surrogate marker for the presence of insulin-resistance as well. 51 , 52 The similarities between leptin resistance and insulin resistance are concordant with studies showing that the molecules underlie impaired leptin and impaired insulin signaling and that there is cross-talk between the cellular signaling pathways for leptin and insulin. 48 , 53 , 54 Therefore, the leptin/adiponectin ratio could be a marker for both altered leptin and altered insulin sensitivity.
The strengths of our study include the comprehensive, translational approach ranging from a longitudinal weight gain model in well characterized normal weight healthy humans, and invitro studies demonstrating for the first time that leptin increases adiponectin expression in human adipocytes. These are complemented by ex-vivo studies using adipose tissue explants from a cross-sectional study population of varying levels of BMI showing differential effects of leptin in weight gain versus obesity. Our study also has some limitations. While we addressed the physiologic relationships between leptin and adiponectin during weight gain, and its implications in obesity, adiponectin regulation is multifactorial. Our study was not designed to comprehensively address factors other than leptin which would contribute to the low adiponectin expression in obesity. Furthermore, some subjects included in the longitudinal weight gain study had a high baseline total body fat mass; this may have contributed to the variability in response to weight gain. However, baseline fat mass did not show any relationship with either changes in leptin or in adiponectin. Also, subjects included in the cross-sectional population were not well characterized as we did not have data on body composition as well as systemic measures of leptin and adiponectin, and the obese group was significantly older than the normal weight subjects. Age difference may affect caveolin-1, adiponectin, and leptin sensitivity.
The increasing prevalence of obesity, along with associated diabetes mellitus and cardiovascular disease, highlight the compelling need for novel therapeutic strategies aimed at either reducing obesity, or attenuating its association with cardiovascular and metabolic disease. Increasing adiponectin expression is being targeted as a mechanism to decrease cardiometabolic risk. 13 Extrinsic adiponectin administration has significant limitations and would require administration of adiponectin at very high concentrations. Therefore, activating endogenous adiponectin expression would be an important potential approach, and requires an understanding of the molecular mechanisms that lead to low adiponectin expression in human obesity. Our study suggests a strategy of targeting leptin resistance so as to reduce obesity-associated metabolic and cardiac disorders, by increasing adiponectin expression. This is especially important as leptin is being explored as a therapeutic agent in treatment of other metabolic disorders including lipodystrophy and diabetes.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Heat map depicting individual responses of the study subjects at baseline (TP1) and after 8 week of weight gain or maintenance (TP2) (A). The heat map highlights the inter-individual variations in response to overfeeding-induced changes in weight, fat mass, leptin and adiponectin in weight gainers along with variations observed in the subjects assigned to the weight maintainer group. Relation between relative changes in adiponectin and leptin with modest weight gain in study participants (B). Circles represent data from weight gainers (n=34), and triangles represent data from weight maintainers (n=10). Changes in adiponectin In-vitro treatment of differentiated HWP with increasing concentrations of leptin increases adiponectin mRNA (A) and protein (B) in a dose-dependent manner. However, leptin does not increase adiponectin secretion (C). Treatment of differentiated HWP with leptin antagonist decreases adiponectin mRNA (D), protein (E), and secretion (F). Data presented as mean ± SEM (n=4). *P ≤ 0.05 compared with control as determined by Wilcoxon ranksum test. Total adiponectin: grey bars; high molecular weight adiponectin: black bars. In-vitro treatment of differentiated HWP with leptin in presence of ERK and STAT3 pathway inhibitor prevented leptin-dependent increases in adiponectin (A). However, treatment with leptin-antagonist attenuated leptin-dependent activation of ERK1/2 (B). Leptin-antagonist does not prevent leptin-dependent activation of STAT3 pathways (C). Data presented as mean ± SEM (n=4). *P ≤ 0.05 compared with control as determined by Wilcoxon rank-sum test. Grey bars present data from leptin treatment. Black bars present data from leptin-antagonist and leptin treatment. Ex-vivo treatment of adipose tissue with leptin (100 ng/ml) for 15 min activated STAT3 (A), and ERK (B) pathways in samples obtained from normal weight participants. Activation of these pathways was impaired in adipose tissue samples obtained from obese subjects. Furthermore, adiponectin protein expression was elevated in adipose tissue from normal weight subjects (C). The impaired cellular signaling prevented leptin-dependent increases in adiponectin mRNA in adipose tissue from obese participants (D). Data presented as mean ± The expression of leptin receptor (Ob-R) (A), and SOCS-3 (B) was not different in adipose tissue from obese participants, but caveolin-1 protein expression (C) was increased significantly. Furthermore, caveolin-1 overexpression impaired leptin-dependent increases in adiponectin mRNA in cultured differentiated HWP (D, checkered bars). Data presented as mean ± SEM. *P ≤ 0.05 compared to normal weight subjects (N) / control (Leptin: 0 ng/ml) as determined by Wilcoxon rank-sum test.
